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under  the  direct ion  of  Professor  A.  N.  Talbot,  Head  of  the  De- 
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VIRCzIL  R  FLEMING 
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TEST    OF    REIliPORCSD    CCiTCRETE  BEAIviS. 


VARIOUS  LETHODS  OF  LOiUDIlIG. 


The  experiments  described  in  the  follov/ing  pages  comprise 
a  part  of  extensive  tests  carried  on  in  the  United  States,  under 
the  direction  of  a  Joint  Cori-miittee  appointed  by  four  of  the 
leading  American  engineering  and  technical  societies;  and  more 
especially  o.  subdivision  of  the  v;ork  along  this  line,  under- 
taken at  the  University  of  Illinois. 

The  investigation  reported  in  this  thesis  is  the  compari- 
son of  the  general  behavior  of  reinforced  concrete  beams  under 
three  different  methods  of  loading;  first,  the  load  applied  at 
the  one-third  points;  second,  the  lOEtd  applied  at  the  center 
of  the  span,  which  will  be  referred  to  as  a  concentrated  load; 
third,  the  load  applied  at  eight  points,  v;hich  will  be  referred 
to  as  a  uniform  load. 

Various  tests  made  in  the  country  in  the  last  four  years 
apparently  indicate  that  a  beam  loaded  at  the  center  will  de- 
velop a  greater  resisting  moment  than  a  beam  loaded  at  the  one- 
third  points.      Also  tests  have  been  made  by  L!r.  Kahn  v/ith  a 
so-called  uniform  loac^by  piling  pig  iron  on  top  of  the  heaia. 
The  results  have  indicated  a  stress  beyond  the  ultimate  strength 
of  the  steel,  if  there  is  assumied  to  be  no  arch  axjtion  in  the 
loading.      This  test  will  be  c::rried  out  under  a  different 
method  of  loacJ.ing,  such  that  there  can  be  no  chance  of  arch 
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The  follov/ing  divisions  will  be  niarie: — I.  Description  of 
Materials,  II.  Description  of  Test  Pieces,  III.  Details  of 
Tests,   IV.  Observed  Data,  V.  Discussion. 

I.  DESCRIPTIOH  OF  MATERIALS. 

The  concrete  used  for  the  beairis  in  these  tests  was  made 
of  the  proportions  one  part  cement,  three  parts  sand  and  six 
parts  broken  line  stone,  measured  by  loose  volume.      The  steel 
consisted  of  1/2  in.  round  steel  rods. 

Tor  a  full  description  of  mr.terials  reference  may  be  made 
to  the  thesis  presented  by  Mr.  E.  T.  Renner,  June,  19C5,  en- 
titled, Tests  of  Reinforced  Concrete  Beams — Effect  of  Release 
of  Loads,  v;here  all  the  general  descriptions  of  materials  for 
the  entire  series  of  tests  e.re  given.      All  beairis  were  rein- 
forced v;ith  1/2  in.  rounc.  steel  bars  of  40000     lb.  per  sq.  in. 
ela.stic  limit. 

II.  H'lSCRIPTION  OP  TEST  PIECES. 

The  beams  were  8  in.  x  11  in.  by  13  ft.      The  reinforce- 
ment for  all  beaiiis  consisted  of  four  1/2  in.  round  rods,  placed 
in  a  horizontal  plane  10  in.  below  top  of  beam,  making  a  rein- 
forcement of  .96  percent.,  based  upon  the  area  of  concrete 
a.bove  the  center  of  the  steel.      For  a  general  description  of 
the  test  pieces,  reference  may  be  made  to  thesis  by  Mr.  E.  T. 
Renner  as  above  mentioned. 
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Sm/CIM^Y  OE  BEAlvIS. 
Beam  No.      Date  made      Date  tested      Method  of  Loading 


5 

]feb.  10 

April  20 

At  1/3  points 

11 

?eb.  14 

April  20 

At  1/3  points 

21 

Feb.  23 

April  26 

Concentrated 

30 

Mar.  2 

May  3 

Concentrated 

47 

Mar .  10 

May  9 

Uniform 

III. 

liSTAILS  OF  T 

SSTS. 

For  a  general  description  of  tests  reference  may  be  made 
to  thesis  subLltted  by  Mr.  E.  T.  Renner  as  mentioned  above. 

Three  different  methods  of  loading  were  used  in  these 
tests. 

Beams  Ho.  5  and  11  v;ero  loaded  at  the  one-third  points 
of  the  span.      One  set  of  extensometers  was  used  on  these 
beams,  the  contact  points  being  placed  3  in.  outside  the  load 
points  for  BeaiuHo.  5,  thus  making  a  span  of  54  in.;  and  3  in. 
inside  the  load  points  for  Beam  No.   11,  making  a  span  of  42  in. 

Bertms  llo ,  21  and  30  v/ere  loaded  at  the  center  of  the  span. 
A  layer  of  plaster  of  paris  was  placed  between  the  beaming 
plate  and  the  beani  a.nd  let  set  under  aoout  600  lb.  load  on  the 
becUii,       To  avoid  eccentric  loading  a  soft  wood  block  was  placed 
between  the  pulling  head  of  the  machine  and  the  bearing  plate. 
No  roller  bearing  was  used  at  the  center.      Tv/o  sets  of  exten- 
someters  v;ere  used  on  these  beams.       One  set  v/as  placed  the 
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same  as  for  Beam  Ho.  11,  the  other  set  was  placed  v^rith  the 
contact  points  4  in.  on  either  side  of  the  center  for  Beam 
No.  21,  making  a  span  of  8  in.,  and  4-1/2  in.  on  either  side 
of  the  center  for  Beam  No.  30,  making  a  span  of  9  in.  The 
center  of  the  upper  roller  was  9-1/4  in.  above  upper  contact 


point,  the  distpjice  oGtv/een  contact  points  9-1/2  in.  the  dis- 
tance froir.  lower  contact  point  to  the  center  of  the  lower  roller 


Only  one  be.-iia.  Beam  No.  47,  v/as  tested  v/ith  the  lo.-.id  applied 
at  eight  points,  as  shov.-n  in  sketch  belov/. 


Plaster  of  po.ris  v/as  used  for  a  bearing  surface  at  each 
load  point.      Cold  rolled  steel  shafting  rollers  3/4  in.  in 
diameter,  rolling  upon  planed  steel  plr^.tes,  were  used  at  four 
load  points,  fla,t  bars  being  used  at  the  remaining  four  load, 
points.      Rollers  could  not  have  been  used  8-t  all  of  the  load 
points  on  account  of  the  difficulty  of  keeping  the  I-beams  from 


7-1/4  in. 


0  oncrete  beam 


(5) 


rolling  out  of  position  before  a  load  could  be  applied.  Two 
sets  of  extensometers  v/ere  used  on  this  beaiii.      One  set  was 
placed  at  the  middle  of  the  beairx  with  a  spa,n  of  30  in.  This 
set  of  extensometers  had  to  be  adjusted  to  be  used  with  this 
loading.      The  dista,nce  from  center  of  roller  to  upper  contact 
point  was  7  inj  distance  betv/een  contact  points  9-3/2  in;  from 
lower  contact  point  to  center  of  lower  roller  3-3/4  in.  The 
c,^4^^ter  set  v/a.s  placed  near  one  end  of  the  span,  the  extensoiaeter 
span  being  36  in.  ,  the  ccnta,ct  points  being  placed  6  in.  and 
42  in.  froL'i  one  support.      The  cidjustment  of  the  extensometer 
yokes  was  the  saline  as  the  yokes  for  the  8  in.  span  on  Beam 
No.  21. 

IV.     OBSERVED  LATA. 

The  original  readings  of  deformations  and  deflections  are 
given  in  tables  on  pages  21  to  28  inclusive  of  this  thesis. 
The  curves  for  the  unit  deformations  and  deflections  as  com- 
puted from  the  observed  data  are  given  in  plates  on  pages  13 
to  20  inclusive  of  this  thesis. 

EEAI.'I  No.  5.       This  bean:  was  loaded  at  the  one-third  points 
of  the  span.      At  6000  lb.  load  two  sr;jall  cracks  appeared  under 
one  load  point  extending  vertico,lly  to  a  heighth  of  about  3  in. 
As  the  load  increased  this  crack  opened  up  and  extended  upward 
to  ?/ithin  3  in.  of  top  when    the  load  reached  11,000  lb.  which 
Taras  the  maximum.      At  this  point  the  upper  fiber  began  to  crush. 
No  other  cracks  were  noticed  at  any  time  during  the  test.  The 
beajTi  had  about  1/4  in.  cement  mortar  on  top  v/hich  probably 
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v/eakened  the  "beam.      After  the  maximum  was  reached  the  load  ran 
down  to  about  9000  lb.  and  held  uniformly  until  the  beau,  had  a 
deflection  of  about  3  in.,  then  the  load  ran  dovrn  to  7500  lb. 
and  the  machine  was  stopped  as  the  beaiii  was  giving  way  fast 
under  the  load.      The  failure  occurred  inside  the  extensometer 
yokes. 


(Above  sketch  shows  manner  of  failure  of  beairi. ) 

EEAM  No.  11.      The  load  v/as  applied  at  the  one-third  points, 
First  cracks  appeared  at  load  of  9000  lb.,  one  being  in  the 
middle  and  the  other  near  the  load,  point  extending  3-1/2  in. 
from  bottom.      Behavior  of  beam  was  quite  similar  to  Beam  No.  5. 
The  crack  near  the  load  point  ran  in  a  vertical  direction,  grad- 
ually opening  and  extending  higher  as  the  load  was  increased. 
The  maximLun  loa,u  was  reached  at  11,000  lb.      The  load  ran  down 
to  10,000  while  the  readings  were  being  taken  and  could  not 
again  be  raised  above  10,000  lb.      The  first  sign  of  crushing 
v/as  noticed  ojfter  the  load  had  run  down  to  9600  lb.  the  beajn 
having  a  deflection  of  .88  in.  at  this  time.       The  machine  v;as 
run  til]  load  ran  down  to  5800  lb.  at  which  time  the  beaui  was 
deflecting  so  rapidly  that  deflections  could  not  be  taken. 

The  crack  was  outside  of  extensometer  points  on  side  of 
ITo.  1  and  4  and  inside  points  on  side  of  No.  2  and  3. 
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I                        42"  . 

(Above  sketch  shov/s  manner  of  failure  of  beam. ) 
BEALl  No.  21.      The  load  was  applied  a.t  the  center  of  the 
span.       At  the  load  of  5000  lb.  tv;o  small  cracks  became  visible 
near  the  center  of  the  span,  extending  3  in.  from  the  bottom  of 
the  beam.      At  6000  lb.  another  crack  developed  about  2  in. 
from  center  of  span  on  the  east  side  of  the  beam  v/hich  became 
visible  on  the  west  side  when  the  load  reached  7000  lb.  at 
8800  lb.  the  load  held  steady  for  about  one  minute  while  the 
machine  was  running.      A  reading  was  taken  at  this  point, 
thinking  thot  the  maximum  load  had  been  reached.      The  load 
gradually  ran  up  till  9800  lb.  was  reached,  at  v;hich  point  the 
crack  at  the  center  extended  to  within  4  in.  of  the  top  and  the 
load  dropped  to  8200  lb.       The  load  held   steady  at  this  loaxi 
for  about  ten  minutes  when  crushing  of  top  of  the  beam  at  the 
center  took  place.       The  extensometers  ha,ving  the  span  of  8  in. 
gave  veryunsatisf actory  results,  especially  the  tv;o  upper  exten- 
someters. 


(Above  sketch  shows  manner  of  failure  of  beam.) 
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KEAIl  No.  30.      The  load  was  applied  at  the  center  of  the 
span.      The  first  crack  developed  at  the  load  5000  lb.  This 
crack  showed  on  both  sides  of  the  beaia  and  wa,s  located  at  the 
center  of  the  beam,   extending  vertically  to  a  height  of  4  in. 
at  6000  lb.  a  crack  24  in.   south  of  the  center  and  3  in.  high 
developed.      These  two  cracks  were  all  that  developed  and  the 
one  at  the  center  began  to  open  as  the  load  ran  up.     The  max- 
imum load  was  reached  at  8000  lb.  at  which  point  the  crack  at 
the  center  extended  to  within  3  in.  of  the  top.      As  soon  as 
the  maximum  was  reached  the  load  ran  down  to  7500  lb.  and  held 
steady  for  about  fifteen  minutes  when  crushing  took  place  under 
the  load.      After  this  the  load  ran  down  rapidly. 


  9"- 
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(Above  sketch  shows  Hianner  of  failure  of  becan. ) 
BEAIjI  No.  47.      The  load  was  applied  at  eight  points. 
J'irst  crack  appeared  about  18  in.  south  of  the  center  extend- 
ing 3  in.  high,  when  8000  lb.  load,  was  reached.  *  Another  ap- 
peared at  the  center  on  the  west  side  of  the  beam,  extending  5 
in.  high  at  a  load,  of  9000  lb.      At  10,000  lb.  the  crack  at 
the  center  became  visible  on  the  east  side,  also  a  crack  shov/ed 
about  2  in.  north  of  the  center  on  the  west  side  extending  3 
in.  high.      The  beaiL  reached  the  maximum  load  at  13,000  lb.  1 
when  the  loa>d.  dropped  to  12,000  lb.  and  the  crack  at  center 
exter^.ed  to  within  2  in.  of  top  of  beam.       The  first  sign  of 

1 
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crushing  took  place  while  there  v;??.s  a  load  of  12,000  lb.  on  the 
beam.       The  load  then  ran  down  to  11,400  lb.  and  the  machine 
was  stopped.      The  beacj  had  deflected  so  ranch  at  this  tine  that 
the  supports  had  rocked  back  until  they  v;ere  restin^^  on  a  flat 
surfa.ce,     hence  part  of  the  load  was  taken  up  by  a  horizontal 
thrust  tending  to  overturn  the  supports. 


/  ( 

\ 

^-^  1 

•  30-  ■ 

(Above  sketch  shows  manner  of  failure  of  beai7i. ) 

V.  DISCUSSION. 

The  curves  for  all  the  beams  used  in  this  test  present  the 
same  general  characteristics  as  have  been  brought  out  by  former 
tests  on  reinforced  concrete  besxos.      The  beams  all  failed  by 
tension  in  steel  reinforcement*      The  steel  in  each  case  was 
stressed  beyond  the  elastic  limit.      The  reason  for  this  may  be 
due  to  the  fact  that  all  the  beams  in  these  tests  v/ere  so  located 
in  the  stacks  that  they  were  not  likely  to  become  injured  by  the 
tumble . 

The  extensometers  used  for  the  8-  and  9-in.  span,  for  Beams 
No.  21  and  30  did  not  give  satisfactory  results.      The  curves, 
as  shown  in  Plate  IV.,  page  16  were  plotted  from  the  lower 
extensometer  readings  and  the  neutral  axis  position,  assuming 
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that  the  neutral  axis  was  the  same  distance  below  the  top  of  the 
beam  for  a  span  of  8  in.  as  for  a  span  of  42  in.  through  the 
center.      These  curves  K?iOv;  that  the  unit  def orriiations  for  both 
the  upper  fiber  and  the  steel    are  the  same  for  the  tv/o  exten- 
someter  spans  during  the  thirc    stage*     The  deformation  curves 
in  Plates  V.  and  VI.,  show  tha.t  the  unit  def orniations  in  the 
upper  fiber  are  the  same  for  a  span  of  9  in.  as  for  a  span  of 
42  in.  at  the  center,  while  the  unit  deformations  in  the  steel 
for  the  9  in.  span  ii,reatly  exceed  those  for  the  42  in.  span. 
The  curves  in  Plates  VII.  and  VIII.  shov;  that  the  unit  deforma- 
tions in  ooth  the  upper  fiber  and  the  cteel  decrease  toward 

t 

the  end  of  the  beam.      These  plates  show  that  the  neutral  axis, 
was  uniformly  the  same  throughout  the  entire  length  of  the  beam. 

The  calculated  stress  in  the  steel,  produced  by  the  uniform 
load  at  its  maximum  is  slightly  below  the  elastic  limit  of  the 
fi.etal'      The  calculated  stress  in  the  steel,  produced  by  the 
concentrated  loads  and  the  loeuis  at  the  one-third  points,  at 
the  maximum  load,  is^"  in  each  case  above  ihe  elastic  limit. 

The  maximum  bending  moment  developed  at  the  center  of  the 
span  was  least  in  the  beam  v/ith  the  uniform  load,  slightly 
higher  for  beams  with  loads  at  the  one- third  points  and  still 
higher  for  beams  with  coiicentrated  loads. 
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DATA  ANr  CALCULATEIi  RESULTS  FOR  BEAMS 


Eeain        Kind.  Maxiinuni         Load        K  d  Bending        Unit  Stress 

of  Tn  Steel  in  Lb. 

No.       Loading         Loa.d        CcnsLdered  In.  Moment  Formula  Leformat  ion 


5 

i/3-Points 

11000 

11000 

4.9 

264000 

40900 

40200 

11 

1/3-Points 

11000 

11000 

5.5 

264000 

41900 

46400 

21 

Cone ent rated 

9800 

9500 

4.3 

342000 

51700 

42200 

30 

Concentrated 

8000 

8000 

3.6 

288000 

43500 

43300 

47 

Uniform 

13000 

13000 

4.7 

234000 

35900 

36800 

All  reinforcing  rods  of  1/2  in.  round,  lov;  steel. 
Area  of  metal  is  .7854  sq.  in. 

The  term  Kd,  v^here  K  is  ratio  of  depth  of  neutral  axis 
from  top  of  beam,  to  effective  depth,  is  equal  to  10  x 
(percent  depth  of  neutral  axis)   since  effective  depth  of 
beam  is  10  in.    Moment  arm  =  a(l — .36K). 
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SXPLAIJATICN  OF  PLATES  AND  TABLKS 

Curves  v/ere  plotted  with  applied  loads  as  ordinates  and 
unit  def oriaations  and  deflections  as  abscissae.     Curves  des- 
ignated ,  "Upper  Fiber"  refer  to  upper  fiber  of  concrete;  those 
designated, "Steel"  give  deformations  under  the  usual  assump- 
tion that  the  deformation  in  the  steel  is  the  same  as  in  the 
adjacent  concrete.    Itthe  def orniations  were  determined  graph- 
ically by  finding  total  deformations  from,  the  extensometer 
readings  and  dividing  by  the  extensomieter  span.    The  various 
positions  of  the  neutral  axis  are  plotted  in  percents  of  the 
effective  depth  of  the  beam  below  the  top.     The  neutral  axis 
v/a,s  located  graphically  under  the  assuiaption  that  a  pla,ne 
section  oefore  bending  remains  a  plane  section  after  bending. 

In  tables  I  to  VIII,  pages  21  to  28  of  original  readings, 
loaa3.s  are  given  in  pounds  exclusive  of  weight  of  beani  and 
apparatus.      Extensometer s  No.  1  and  4  v.ere  alv/ays  on  the 
East  side  of  the  beams  and  2  and  4  on  the  V/est  side.  Exten- 
someters  No.i  and  3  v;ere  upper  and  No.  2  and  4  lov.er.  Exten- 
someter readings  were  in  inches,     reflections  v;ere  measured 
in  inches  at  the  ndadle  of  the  heoia. 
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Plate  III 
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TABLE  NO. 

I. 

BEAM  NO.  5 

Reinforcenxent  4  1/2  in.  Round  Rods. 

Load 

Deflection            Extensometer  Readings 

Pounds 

Inches         No.  1 

No.  2 

No.  3 

No.  4 

0 

1.67  .0232 

.0630 

.0143 

.0237 

1000 

1.70  .0290 

.0635 

.0194 

.0291 

2000 

1.71  .0354 

.0747 

.0248 

.0343 

3000 

1.76  .0445 

.0854 

.0282 

.0445 

4000 

1.80  .0476 

.1021 

.0447 

.0606 

5000 

1.87  .0710 

.1181 

.0566 

.0764 

6000 

1.91  .0839 

.1327 

.0684 

.0915 

7000 

1.98  .0982 

.  1480 

•  Ooll 

.10/0 

8000 

2.03  .1120 

.  1624 

•  0906 

.  1220 

9000 

2.09  .1260 

.  1772 

.1068 

.1363 

10000 

2.15  .1425 

.  1941 

.1222 

.1535 

11000 

2.21  .1592 

.2118 

.1376 

.1708 

8800 

2.38 

Loaded  at 

one-third  points. 

Extensometer   span  54  in. 

Center  of 

top  roller  5-1/4  in. 

above 

upper  contact  points. 

9-1/2  in.  betv; 

een  contact  points. 

Center 

bottom 

roller  5 

-1/2 

in.  from  lower 

contact  point. 

(22) 


TABLE  NO.  II 


BEMl    NO.  11 

Reiiif  orceiiient ,  4  1/2 

LoELd  Deflection  E 

Readings 


Pounds  Inches  1 

0  1.20  .0192 

1000  22  237 

2000  25  293 

3000  30  284 

4000  37  514 

5000  42  625 

6000  50  744 

7000  57  879 

8000  63  1034 

9000  71  1090 

10000  81  1390 

11000  96  1680 

9600  2.08  1853 

9500  20   


Loaded  at  one-third  points 
Extensometer  Span  42  In, 


In.  Round  Rods. 


ensometer  Readings 


2 

3 

4 

.0063 

.0086 

.0180 

72 

129 

225 

80 

181 

283 

159 

275 

394 

ouo 

ooo 

oou 

446 

498 

668 

579 

604 

793 

720 

727 

925 

872 

871 

1068 

1022 

1018 

1212 

1213 

1225 

1405 

1501 

1508 

1630 

1626 

1688 

1682 

(23) 


TABLE  NO. Ill 


mm    NO . 
Reiiif  or  cement  4 


Load  Deflection 

Reaaings 

Pounds  Inches  1 

0  2.19  .0165 

1000  20  21? 

2000  24  295 

3000  30  404 

4000  37  513 

5000  42  634 

6000  50  754 

7000  56  889 

8000  63  1015 

8800  70  1132 

9000  70  1164 

9500  72  1225 

9800  —  — •— 

8200  80  1355 

8400  3.00  1660 


Concentrated.  Load.. 
Extensometer  Span  42  In. 


21. 

./2  In.  Bars. 
Extensometer  Readings. 


3 

2 

4 

.0515 

.0267 

.0204 

564 

318 

245 

640 

412 

343 

798 

559 

486 

O  A 

d4U 

969 

863 

804 

1083 

1009 

956 

1200 

1119 

1132 

1333 

1320 

1286 

1449 

1452 

1435 

1482 

1486 

1473 

1547 

1558 

1550 

1672 

1868 

1855 

1974 

2547 

2540 

(24) 


TABLE  NO.  IV 


BEAM    NO.  21. 
Reinforcement  4  1/2  In.  Bars. 


Loaci  Extensometer  Readings 


JrV  UxJQ.  c 

T 
X 

O 

o 

ft 

o 
u 

.  ooyy 

.  UOoD 

9  O  to  I 

D  J. 

•^Al 

79 

y  o 

OO 

7n 
/  u 

OU 

ooxo 

7Q 

1  Q 
J.O 

Anno 

ft  f  OD 

QAQA 

A7Q 

AQ 

ouuu 

79 

AAQ 

01?c  J. 

6000 

4770 
4630 

3720 

410 

59 

7000 

90 

69 

374 

4003 

8000 

90 

3817 

338 

50 

8800 

82 

58 

304 

80 

9000 

82 

65 

294 

92 

9500 

63 

83 

278 

113 

9800 

8200 

4641 

4088 

4974 

#544 

8400 

4420 

4520 

4260 

.0293 

Concent  ranted  Load. 
Extensometer  Span  8  In. 


*    New  zero  reading  for  No.  1. 
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TABLE  NO.  V. 


BEAM    NO.  30. 
Reinforcement  4  1/2  In.  Bars. 


LoBjd      reflection         Extensorneter  Readings' 


-ounds 

Inches 

1 

3 

2 

4 

0 

2.82 

.  0105 

•0040 

.0008 

.0121 

100  c 

84 

167 

108 

68 

169 

2000 

88 

259 

184 

178 

266 

3000 

92 

375 

294 

328 

410 

4000 

3.00 

485 

404 

425 

552 

5000 

07 

600 

505 

682 

694 

6000 

11 

721 

619 

726 

842 

7000 

20 

852 

744 

933 

1002 

8000 

28 

1068 

937 

1222 

1482 

7600 

65 

1775 

1600 

2665 

2680 

7500 

90 

2272 

2025 

3614 

2981 

Concentrated  Losxi. 
Extensocieter  Span  42  In. 
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TABLE  NO.  VI. 


BEAM 

NO     30 . 

Reinforcement 

4  1/2  In 

.  Bars. 

Load 

Extensonieter 

Readings 

^ounds 

1 

3 

2 

4 

0 

1  4-70 

.2729 

.0213 

1000 

80 

45 

46 

200 

2000 

85 

11 

78 

169 

3000 

1502 

0979 

2819 

119 

4000 

39 

40 

61 

69 

5000 

83 

05 

2904 

23 

6000 

23 

864 

48 

4979 

7000 

52 

20 

90 

21 

8000 

1825 

668 

3256 

4669 

7600 

2770 

4739 

4639 

3265 

7500 

3319 

3976 

0660 

3235 

Concentrated  Load. 
Extensometer  Span  9  In. 


(27) 


TABLE  NO.  VII. 


EEAl^    lie.  47. 


Reinf orcenient  4  1/2  In.  Rods. 


Load 
Pounds 

reflection 
Reaching  s 
Inches 

1 

ExtenEometer  Readi 
3  2 

ngs 

4 

0 

2.03 

.0039 

.0000 

.0000 

.0009 

1000 

06 

78 

25 

18 

28 

2000 

08 

103 

59 

47 

56 

3000 

10 

150 

105 

86 

98 

4000 

13 

205 

163 

134 

151 

5000 

17 

262 

217 

135 

206 

6000 

21 

318 

282 

234 

258 

7000 

26 

379 

345 

290 

311 

8000 

30 

438 

405 

339 

364 

9000 

35 

509 

471 

398 

422 

10000 

40 

578 

533 

433 

479 

11000 

43 

642 

597 

492 

533 

12000 

48 

714 

633 

547 

598 

13000 

51 

782 

733 

620 

643 

12000 

87 

1698 

1650 

1880 

1984 

12000 

3.03 

2030 

2  Coo 

2330 

2410 

Uniform  Loaji . 
Extensometer  Span  30  in. 
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TABLE  NO.  VIII. 


mm  NO.  47. 


Re  info  rc  enient 

4  1/2 

In.  Rods. 

Load 
Pounds 

reflection 
Readings 
Inciie  s 

1 

Extensomet er 
3 

Heading 
Z 

5S 

4 

0 

.0000 

.0133 

.0091 

.0080 

1000 

.4989 

147 

84 

91 

2000 

65 

167 

60 

110 

3000 

35 

197 

34 

139 

4000 

10 

231 

5 

170 

5000 

.4865 

270 

.4968 

209 

6000 

24 

309 

26 

249 

7000 

4785 

357 

4879 

294 

8000 

45 

403 

32 

340 

9000 

4696 

452 

4  790 

390 

10000 

51 

502 

41 

434 

11000 

10 

549 

4  695 

482 

12000 

4575 

596 

42 

531 

13000 

20 

643 

4594 

575 

12000 

45 

628 

4609 

560 

12000 

35 

630 

4609 

561 

Uniform  Load . 

Ext en some ter  Span  36  in. 
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